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ANALYZING TOOL BEING REDUCED IN DISTANCE OF DIFFUSION OF 
REAGENT AND METHOD FOR MANUFACTURE THEREOF 

TECH N ICAL FIELD 

The present invention relates to an analyzing tool used 
for analyzing a particular component contained in a sample, 
and to a method for making such an analyzing tool. 



BACKGROU ND A RT 

Fig. 20 shows a glucose sensor 9, which is an example of 
analyzing tool used for measuring the blood glucose level by 
colorimetry. The glucose sensor 9 includes a. first and a 

15 second plate members 91 and 92 bonded together via a pair of 
spacers 93. The glucose sensor 9 includes a capillary 94 
defined by the above elements 91-93. A reagent 95 is provided 
in the capillary 94 . The reagent 95 dissolves when blood is 
supplied thereto and contains reactive components such as a 

20 color former, an oxidoreductase and an electron mediator, for 
example . 

In the. glucose sensor 9, when blood is supplied through 
an opening 96, the blood introduced into the capillary 94 moves 
toward' an opening 97 by a capillary force generated in the 
25 capillary 94. At this time, a liquid phase reaction system 
including glucose and reactive components is established in 
the capillary 94 by the dissolving of the reagent 95. 



In the liquid phase reaction system, the reactive 
components contained in the reagent 95 and glucose diffuse to 
undergo reaction, and electrons taken out from glucose are 
supplied to the color former via the electron mediator, for 
5 example. By the supply of electrons, the color former develops 
color, whereby the liquid phase reaction system is colored. 
The degree of coloring is detected by an optical technique, 
and the blood glucose level is computed based on the detection 
result . 

10 As noted above, to cause the color former to develop color, 

at least the reaction for taking out electrons from glucose 
and the reaction for supplying the taken-out electrons to the 
color former are necessary. On the other hand, to make the 
color former efficiently develop color in the liquid phase 

15 reaction system and to shorten the measurement time, it is 
necessary to disperse the reactive component contained in the 
reagent 95 uniformly in * the liquid phase reaction system. 
However, in the case where the reagent 95 is designed to dissolve 
by the supply of a sample, the concentration of the reactive 

20 component becomes locally high (at the portion where the 
. reagent 95 is provided) and then gradually becomes uniform as 
the reactive component diffuse over time. Therefore, in .the 
concentration measurement using the glucose sensor 9, the 
measurement time tends to depend on the diffusivity of the 

25 reactive component. Further, although the glucose 

concentration is generally uniform in the liquid phase reaction 
system in the initial stage after the blood is introduced into 



the capillary 94, glucose is consumed as the reaction proceeds, 
so that the concentration of unreac'ted glucose is lowered at 
a region where the concentration of the reactive component is 
high. Therefore, in addition to the reactive component, the 
concentration distribution of glucose and the dif fusivity of 
glucose also have influence on the measurement time. 

In the glucose sensor 9, the reagent 95 is formed only 
at the second transparent plate 92, and the distance H between 
the first transparent plate 91 and the second transparent plate 
92 is generally set to no smaller than 200}im. Therefore, in 
the diffusion to make the concentration of the reactive 
component contained in the reagent 95 uniform in the liquid 
phase reaction system, the diffusion length of the target 
component is relatively large. Further, the diffusion length 
of glucose is also large. As a result, the glucose sensor 9 
has a drawback that the time taken to obtain an intended reaction 
state (coloring of the liquid phase reaction system) is 
relatively long and hence long measurement time is required. 
When the measurement time is set relatively short, coloring 
sufficient for the accurate measurement of a high glucose 
concentration in blood cannot be obtained, so that the 
measurement accuracy in a high concentration range is 
deteriorated. To ensure high measurement accuracy while 
setting the measurement time relatively short, the measurement 
range becomes narrow. 

Further, when an unstable reagent (highly reactive 
reagent) such as methoxy-PMS as an electron mediator is 



contained in the reagent 95, such a reagent reacts with another 
reagent to cause measurement error in storing the glucose 
sensor 9. Therefore, when a single reagent contains different 
kinds of reagents, the stability in storage may not be good 
5 depending on the combination of the reagents, whereby the 
measurement accuracy may become lower. 

DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide an 
10 analyzing tool which is capable of shortening the analysis time 
and performing accurate analysis even in a high concentration 
range and which has good stability in storage. 

According to a first aspect of the present invention, 
there is provided an analyzing tool comprising: a reaction 
15 space in which a particular component of a sample and a reagent 
react with each other; and a reagent portion which is arranged 
in the reaction space and which dissolves when the sample is 
• supplied to the reaction space. The reagent portion includes 
a first part and a second part facing each other and provided 
20 on a defining surface defining the reaction space. 

Preferably, the first part and the second part may be 
separated from each other. It is possible, however, that the 
first part and the second part are connected to each other. 
Preferably, the first part and the second part differ from 
25 each other in composition. In this case, reagents which are 
likely to react with each other in storage are to be separated 
into the first part and the second part for avoiding mixture. 



t 



In this manner, the reaction between reagents is prevented from 
occurring, whereby the stability in storage can be enhanced. 
On the other hand, reagents which are unlikely to react with 
each other can be mixed in the first or the second part. 
5 The reagent in the analyzing tool of the present invention 

may include a color-developing reagent to perform sample 
analysis by colorimetry. The present invention is also 
applicable to an analyzing tool for analyzing a sample by an 
electrode method. In such a case, the reagent need not include 

10 a color-developing reagent. 

The defining surface includes a first region at which the 
first part is provided, and a second region at which the second 
part is provided and which faces the first region in the 
direction normal to the first region. In this case, it is 

15 preferable that the facing distance of the first region and 
the second region is no greater than 300]am. 

Preferably, the facing distance is no greater than 200]jm, 
and more preferably, no greater than 150pm. Meanwhile, the 
facing distance is no smaller than 30pm. This is because, when 

20 the facing distance is excessively small, a sample containing 
solid components, like blood containing blood cells, or a 
sample having a high viscosity cannot move smoothly through 
the flow path. 

The analyzing tool of the .present invention may further 

25 comprise a first plate member in which the first region is 
included, and a second plate member in which the second region 
is included. The second plate member defines the reaction 



space together with the first plate member. The analyzing tool 

of the present invention may further comprise a spacer for 

bonding the first plate member and the second plate member to 

each other and defining the reaction space together with the 
5 plate members- In this case, the facing distance mentioned 

above can be determined by the spacer. 

The reaction space may be designed to move the sample by 

a capillary force generated in the reaction space. 

Alternatively, the reaction space may be designed to move the 
10 sample by utilizing the motive power of a pump. In the 

analyzing tool of the present invention, the sample need not 

necessarily be moved in the reaction space. 

According to a second aspect of the present invention, 

there is provided a method for making an analyzing tool. The 
15 method may comprise: a first reagent portion forming step for 

forming at least one first reagent portion at a first substrate; 

a second reagent portion forming step for forming at least one 

second reagent portion at a second substrate; and an 

intermediate product forming step for forming an intermediate 
20 product by bonding the first and the second substrates together 

in a manner such that the first and the second reagent portions 

face each other. 

Herein, the "first substrate" and "second substrate" can 

refer to substrates corresponding to the first plate member 
25 and the second plate member in the analyzing tool according 

to the first aspect of the present invention, and also refer 

to other materials in which a plurality of regions to be divided 



into such plate members are defined. 

Preferably, in the first reagent portion forming step, 
a plurality of first reagent portions may be formed at the first 
substrate, and in the second reagent portion forming step, a 
5 plurality of second reagent portions may be formed at the second 
substrate. Preferably, in this case, the method may further 
comprise a cutting step for cutting the intermediate product 
into pieces each including at least one of the first reagent 
portions and at least one of the second reagent portions. 

10 The first reagent portion and the second reagent portion 

may differ from each other in composition. In this case, an 
analyzing tool can be provided in which a highly reactive 
reagent is separated from another reagent which is likely to 
react with the reagent. However, the first reagent portion 

15 and the second regent portion may have the same or substantially 
the same composition. 

Preferably, the method according to the present invention 
may further comprise a step performed before the intermediate 
product forming step for mounting a spacer on at least one of 

20 the first and the second substrates, wherein the spacer is 
mounted on a surface to be formed with the first reagent portion 
. or a surface to be formed with the second reagent portion. 
Preferably, this additional step may be performed before 
forming the first and the reagent portions at the first and 

25 the second substrates. In such a case, the region at which 
a reagent portion is to be formed can be defined by the spacer, 
and it is possible to prevent the spacer from being mounted 



on a region formed with a reagent portion. However, it is 
possible that this step may be performed after the first and 
the second reagent portions are formed. 

As the spacer, use may be made of a double-sided tape having 
5 adhesive opposite sides, for example. In this case, the 
application of an adhesive on the first or the second substrate 
is unnecessary, whereby the manufacturing efficiency of an 
analyzing tool is enhanced. 

According to a third aspect of the present invention, 

10 there is provided an analyzing tool comprising a reaction space 
in which a particular component of a sample reacts with a reagent 
for analyzing the particular component by colorimetry. The 
reaction space is defined by a defining surface which includes: 
a reagent retaining region for retaining a reagent; and a facing 

15 region which faces the reagent retaining region in the 
direction normal to the reagent retaining region. The facing 
region does not retain a reagent. The facing distance of the 
reagent retaining region and the facing region is no greater 
than 150]am. 

20 Preferably, the facing distance may be no greater than 

100)im, and more preferably, no greater than 7 5 jam. On the other 
hand, the facing distance may be no smaller than 30yim. This 
is because, when the facing distance is excessively small, a 
sample containing solid components, like blood containing 

25 blood cells, or a sample having a high viscosity cannot move 
smoothly through the flow path. 

The reaction space may be designed to cause the sample 
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to move therein. The movement of the sample may be realized 
by a capillary force generated in the reaction space. 
Alternatively, the sample in the reaction space may be moved 
by a motive power from a pump. 
5 _ The analyzing tool of the present invention may further 

comprise a first plate member in which the reagent retaining 
region is included, and a second plate member in which the facing 
region is included. The second plate member defines the 
reaction space together with the first plate member. The 

10 analyzing tool of the present invention may further comprise 
a spacer for bonding the first plate member and the second plate 
member to each other and defining the reaction space together 
with the plate members. In this case, the facing distance may 
be determined by the spacer. 

15 The present invention is applicable to an analyzing tool 

for a sample such as blood. The present invention is also 
applicable to an analyzing tool used for analyzing a sample 
other than blood, for example, urine. 

In the specification of the present invention, the term 

20 "facing" indicates not only the facing state of flat surfaces 
but also the facing state of curved surfaces and the facing 
state of a flat surface and a curved surface, unless otherwise 
noted. Further, the term "facing distance" means the maximum 
value of distance necessary for a reagent to travel for reaching 

25 the facing region when the reagent is diffused from the reagent 
retaining region in the normal direction. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an entire perspective view showing a glucose 
sensor according to a first embodiment of the present 
invention . 

5 Fig. 2 is a sectional view taken along the line II-II in 

Fig. 1. 

Fig. 3 is a sectional view taken along the line III-III 
in Fig. 1. 

Figs. 4A and 4B each is a sectional view corresponding 
10 to Fig. 3 for describing the progress of blood in a capillary. 

Fig. 5 is an entire perspective view of a substrate used 
in a method for making the glucose sensor shown in Figs. 1-3. 

Fig. 6 is an entire perspective view of the substrate shown 
in Fig. 5, to which double-sided tapes are bonded. 
15 Fig. 7 is an entire perspective view of a primary 

intermediate product obtained by forming a plurality of reagent 
portions on the substrate shown in Fig. 6. 

Fig. 8 is an entire perspective view showing the process 
step for bonding two primary intermediate products together. 
20 Figs. 9A-9D each is a sectional view showing another 

example of glucose sensor according to the present invention. 

Fig. 10A is a perspective view, partially cut away, 
showing still another example of glucose sensor according to 
the present invention, and Fig. 10B is a sectional view thereof. 
25 Fig. 11 is an entire perspective view showing a glucose 

sensor according to a second embodiment of the present 
invention . 
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Fig. 12 is a sectional view taken along the line XII- 
XII in Fig. 11. 

Fig. 13 is a sectional view taken along the line XIII-XIII 
in Fig. 11. 

5 Figs. 14A and 14B each is a sectional view corresponding 

to Fig. 13 for describing the progress of blood in a capillary. 

Fig. ISA is a perspective view, partially cut away, 
showing another example of glucose sensor according to the 
present invention, and Fig. 15B is a sectional view thereof. 
10 Fig. 16A is a perspective view, partially cut away, 

showing still another example of glucose sensor according to 
the present invention, and Fig. 16B is a sectional view thereof. 

Fig. 17A is a perspective view, partially cut away, 
showing still another example of glucose sensor according to 
15 the present invention, and Fig. 17B is a sectional view thereof. 

Figs. 18A-18C are graphs showing the measurements of 
"change of absorbance with time in Example 1. 

Figs. 19A-19C are graphs showing the measurements of 
change of absorbance with time in Example 2. 
20 Fig. 20 is an entire perspective view showing a prior art 

glucose sensor. 

BE S T M ODE F OR CARRYING OU T THE INV ENTION 

Preferred embodiments of the present invention will be 
25 described below in detail as a first and a second embodiments 
with reference to the accompanying drawings. 

The first embodiment of the present invention will now 
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be described below. 

The glucose sensor XI shown in Figs. 1-3 is a disposable 
sensor designed to measure glucose concentration by 
colorimetry . The glucose sensor XI comprises a first and a 
5 second plate members 1 and 2 bonded together via a pair of 
spacers 3. The glucose sensor XI includes a capillary 4 
defined by the above elements 1-3. 

The first and the second plate members 1 and 2 are made 
of e.g. PET, PMMA or vinylon to be transparent. The plate 

10 members 1 and 2 are respectively provided with a first and a 
second reagent portions 51 and 52, which are accommodated in 
the capillary 4 . Each of the reagent portions 51 and 52 is 
in a solid state soluble in blood, and at least one of the reagent 
portions 51 and 52 contains color former. Therefore, when 

15 blood is introduced into the capillary 4, a liquid phase 
reaction system including glucose and color former is 
established in the capillary 4. 

Although various kinds of known color former can be used, 
it is preferable to use color former whose absorption 

20 wavelength upon color development due to electron transfer is 
deviated from the absorption wavelength of blood. For 
instance, as the color former, use may be made of MTT (3- 
(4, 5-Dimethyl-2-thiazolyl) -2, 5-diphenyl-2H-tetrazolium 
bromide) . 

25 The first and the second reagent portions 51 and 52 may 

contain an electron mediator or an oxidoreductase . In such 
a case, the electron transfer between glucose and color former 



proceeds quickly, whereby the measurement time can be 
shortened. 

As the oxidoreductase, glucose dehydrogenase (GDH) or 
glucose oxidase (GOD) may be used, and typically, PQQGDH is 
5 used. As the electron mediator , use may be made of [Ru (NH 3 ) 6 ] Cl 3 , 
K 3 [Fe (CN) 6 ] or methoxy-PMS ( 5-methylphenazinium methylsulf ate ) , 
for example. 

The first and the second reagent portions 51 and 52 may 
have the same composition or may have different compositions. 

10 However, when an unstable reagent (highly reactive reagent) 
such as methoxy-PMS is used, it is preferable to separate such 
a reagent from other reagents. For instance, the unstable 
reagent is contained in the first reagent portion 51, whereas 
other reagents are contained in the second reagent portion 52. 

15 The paired spacers 3 determine the distance between the 

first and the second plate members 1 and 2, i.e. the height 
H of the capillary 4 and also define the width W of the capillary 
4. In the glucose sensor XI, the paired spacers 3 are spaced 
from each other by a predetermined distance, and the distance 

20 corresponds to the width W of the capillary 4. The thickness 
of each spacer 3 corresponds to the height H of the capillary 
4 . 

The interior of the capillary 4 communicates with the 
outside through openings 40 and 41. The opening 40 is utilized 
25 for introducing blood into the capillary 4, whereas the opening 
41 is utilized for discharging air from the capillary 4. With 
such a structure of the capillary 4, blood moves within the 
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capillary 4 due to the capillary force generated in the 
capillary 4 . 

For instance, the width W of the capillary 4 is set to 
0.05mm to 10mm, whereas the height (facing distance) H of the 
5 capillary 4 is set to 30\im to 1mm. Preferably, the height H 
of the capillary 4 is set to 300ym, and more preferably, no 
greater than 200pm. 

As shown in Figs. 4A and 4B, in the glucose sensor XI, 
when blood is supplied to the capillary 4 through the opening 

10 40, the blood moves within the capillary 4 due to the capillary 
force generated in the capillary 4. As the blood moves, the 
reagent portions 51 and 52 are dissolved by the blood, whereby 
a liquid phase reaction system 42 is established in the 
capillary 4. The movement of the blood stops when the blood 

15 reaches the opening 41. 

In the liquid phase reaction system 42, electrons 
extracted from glucose are supplied to the color former to cause 
the color former to develop color, whereby the liquid phase 
reaction system 42 is colored. In the case where an 

20 oxidoreductase and an electron mediator are contained in the 
first or the second reagent portion 51, 52, the oxidoreductase 
reacts specifically with glucose in the blood to extract 
electrons from glucose, and the electrons are supplied to the 
electron mediator and then to the color former. Therefore, 

25 the degree of color development of the color former (degree 
of coloring of the liquid phase reaction system) relates to 
the amount of electrons extracted from glucose, i.e. the 
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glucose concentration . 

For instance, the degree of coloring of the liquid phase 
reaction system 42 is detected by irradiating the liquid phase 
reaction system 42 with light via the first plate member 1 and 
5 receiving the light passed through the liquid phase reaction 
system 42 and emitted from the second plate member 2. As the 
light to irradiate the liquid phase reaction system 42, use 
is made of light having a wavelength which the color former 
upon color development absorbs much. The glucose 

10 concentration can be computed based on the intensity of the 
incident light impinging on the liquid phase reaction system 
42 and the intensity of the transmitted light transmitted 
through the liquid phase reaction system 42. 

In the glucose sensor XI, the first and the second reagent 

15 portions 51 and 52 are provided separately in the first and 
the second plate members 1 and 2 so as to face each other. 
Therefore, as to the height direction of the capillary 4, the 
length of diffusion of the color former which is necessary for 
equalizing the concentration of the color former is relatively 

20 short. 

Specifically, when a reagent portion is formed only at 
either one of the first and the second plate members 1 and 2, 
the concentration of the color former cannot be equalized until 
the color former is diffused to the surface of the plate member 
25 which is not formed with a reagent portion. On the other hand, 
when the reagent portions 51 and 52 are formed respectively 
at the first and the second plate members 1 and 2, the 
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concentration of the color former is high at the surface of 
each plate member while being low at an intermediate portion 
between the plate members in the stage in which the reagent 
portions 51 and 52 begin to dissolve. Therefore, to equalize 
5 the concentration of the color former, it is only necessary 
to diffuse the color former to the intermediate portion between 
the first and the second plate members. Accordingly, in the 
case where both of the first and the second plate members 1 
and 2 are formed with the reagent portions 51, 52, the diffusion 

10 length of the color former, which is necessary for equalizing 
the concentration of the color former, is half of that in the 
case where a reagent portion is formed only at either one of 
the plate members. 

The above means that, the provision of the reagent 

15 portions 51 and 52 at the first and the second plate members 
1 and 2 shortens the time necessary for dispersing the color 
former uniformly in the liquid phase reaction system, and hence, 
shortens the reaction time. 

As for glucose, before the reaction, the concentration 

20 of unreacted glucose in the liquid phase reaction system is 
generally uniform. However, when the reaction proceeds to 
some degree, the concentration of unreacted glucose is low at 
a region where the concentration of the color former is high, 
whereas the concentration of unreacted glucose is high at a 

25 region where the concentration of the color former is low. 
Therefore, to shorten the measurement time, it is preferable 
to diffuse not only the color former but also unreacted glucose 
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in the liquid phase reaction system to equalize the 
concentration. Since the first and the second reagent 
portions 51 and 52 are provided at the first and the second 
plate members 1 and 2 in the glucose sensor XI, the diffusion 
length of unreacted glucose necessary for equalizing the 
concentration is short because of the same reason as described 
above. Also from this point, it is concluded that the 
provision of the first and the second reagent portions 51 and 
52 at the first and the second plate members 1 and 2 can shorten 
the reaction time. 

As will become clearer also from Examples described later, 
in the glucose sensor XI, the measurement time can be further 
shortened by setting the facing distance H to no greater than 
300}am. By reducing the facing distance H, the diffusion length 
necessary for equalizing the concentration of the color former 
or unreacted glucose can be reduced with respect to the height 
direction. As a result, in the glucose sensor XI, the reaction 
necessary for causing the color former to develop color occurs 
easily. Therefore, the time taken for obtaining the intended 
reaction (coloring of the liquid phase reaction system) is 
shortened, whereby the measurement time can be shortened. 

A method for making a glucose sensor XI will be described 
with reference to Figs. 5-8. 

As shown in Fig. 5, to form a glucose sensor XI (See Figs 
1-3), a transparent substrate 6 is prepared. On the 
transparent substrate 6, a plurality of first cutting lines 
61 and a plurality of second cutting lines 62 extending 



perpendicularly to each other are defined. Each of the regions 
surrounded by the cutting lines 61 and 62 is a glucose sensor 
formation region 63 . 

Subsequently, as shown in Fig. 6, a plurality of 
5 double-sided tapes 64 are bonded as spaced from each other by 
a predetermined distance to cover the first cutting lines 61. 
Then, as shown in Fig. 7 , a reagent portion 65 is formed at 
each of the glucose sensor formation regions 63 to provide a 
primary intermediate product 66. Each reagent portion 65 may 

10 be formed by applying a reagent solution containing a color 
former, an oxidoreductase and an electron mediator, and then 
drying the reagent solution by air blowing. 

Similarly to the above, another primary intermediate 
product 66 is prepared through the process steps described with 

15 reference to Figs. 5-7. Then, as shown in Fig. 8, the two 
primary intermediate products 66 are bonded together. 
Specifically, with the respective reagent portions 65 of the 
two primary intermediate products 66 facing each other, the 
two primary intermediate products are bonded to each other by 

20 utilizing the adhesive force of the double-sided tapes 64, 
whereby a secondary intermediate product (not shown) is 
provided. Finally, the secondary intermediate product is cut 
along the first and the second cutting lines 61 and 62, whereby 
glucose sensors XI as shown in Figs. 1-3 are obtained. 

25 ■ The glucose sensor of the present invention is not limited 

to the mode described in this embodiment but may be structured 
as shown in Figs. 9A-9D and Figs. 10A and 10B. 



The glucose sensor X2 shown in Fig. 9A includes a first 
plate member 1A formed with a first reagent portion 51A, and 
a second plate member 2A formed with a recess 20A which is 
rectangular in cross section and in which a reagent portion 
5 52A is formed. In the glucose sensor X2, the facing distance 
H is the distance between the bottom surface of the recess 20A 
and the first plate member 1A. 

The glucose sensor X3 shown in Fig. 9B includes a capillary 
4B which is semicircular in cross section. Specif ically, in 

10 the glucose sensor X3 , the second plate 2B is formed with a 
recess 20B having a semicircular cross section, and a second 
reagent portion 52B is formed in the recess 20B. In the glucose 
sensor X3, the facing distance H is the distance between the 
deepest portion of the recess 20B and the first plate member 

15 IB. 

The glucose sensor X4 shown in Fig. 9C includes a capillary 
4C which is circular in cross section. Specifically, in the 
glucose sensor X4, the first and the second plate members 1C 
and 2C are respectively formed with recesses 10C and 20C which 

20 are semicircular in cross section, and a first and a second 
reagent portions 51C and 52C are formed in the recesses 10C 
and 20C, respectively. 

Although the first and the second reagent portions 51C 
and 52 of the glucose sensor X4 are continuously formed in the 

25 figure, the reagent portions 51C and 52C may be separated from 
each other. In the glucose sensor X4, the facing distance H 
is the diameter of the capillary 4C in the thickness direction 
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of the plate members 1C and 2C. 

The glucose sensor X5 shown in Fig. 9D includes a capillary 
4 D which is an elongated circle in cross section . Specifically, 
in the glucose sensor 9D, the first and the second plate members 
5 ID and 2D bonded together via a spacer 3D are respectively formed 
with recesses 10D and 20D which are semicircular in cross 
section , and a first and a second reagent portions 51D and 
52D are respectively formed in the recesses 10D and 20D. The 
first and the second reagent portions 51D and 52D are separated 

10 from each other by the spacer 3D. In the glucose sensor X5, 
the facing distance H is the distance between the respective 
deepest portions of the recesses 10D and 20D. 

The glucose sensor X6 shown in Figs. 10A and 10B includes 
a transparent cylindrical tube 7E in which a reagent portion 

15 70E is formed. Similarly to the glucose sensor X4 shown in 
Fig. 9C, the glucose sensor X6 includes a capillary 71E which 
is circular in cross section. However, the glucose sensor X6 
differs from the glucose sensor X4 shown in Fig. 9C in that 
the capillary 71E is defined by the cylindrical tube 7E. In 

20 the glucose sensor X6, the facing distance H is the inner 
diameter of the circular tube 7E. 

A second embodiment of the present invention will now be 
described below. In the figures to be referred to in this 
embodiment, the elements which are identical or similar to 

25 those of the first embodiment are designated by the same 
reference signs as those used for the first embodiment. 

The glucose sensor X7 shown in Figs. 11-14 is a disposable 
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sensor designed to measure glucose concentration by 
colorimetry, and the basic structure is similar to that of the 
foregoing glucose sensor XI (Figs. 1-3). Specifically, the 
glucose sensor X7 includes a first and a second plate members 
5 1 and 2 bonded together via a pair of spacers 3F. The elements 
1, 2 and 3F define a capillary 4F extending in the longitudinal 
direction of the first and the second plate members 1 and 2. 

The glucose sensor X7 differs from the foregoing glucose 
sensor XI (Figs. 1-3) in height H' of the capillary 4F and 

10 arrangement of the reagent portion 51F. 

The height (facing distance) H' of the capillary is set 
to no greater than 150}am. Preferably, the height H' of the 
capillary 4F is set to no greater than 100]im, and more preferably, 
no greater than 75]im. However, when a sample like whole blood 

15 which contains blood cells (solid components) is used, it is 
preferable to set the height H' of the capillary 4F to no smaller 
than 30|am to reliably introduce the sample (blood) into the 
capillary 4F. The height H' of the capillary 4F can be adjusted 
by adjusting the thickness of the spacers 3F. 

20 The reagent portion 51F is provided only at the first plate 

member 1. The reagent portion 51F is in a solid state soluble 
in blood and contains a color former, an electron mediator and 
an oxidoreductase, for example. As the color former, the 
electron mediator and the oxidoreductase, those described in 

25 the first embodiment may be used. 

As shown in Figs. 14A and 14B, in the glucose sensor X7, 
when blood is supplied to the capillary 4F through the opening 
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40, the blood moves within the capillary 4F due to the capillary 
force generated in the capillary 4F. At this time, the reagent 
portion 51F is dissolved by the blood, whereby a liquid phase 
reaction system 42 is established in the capillary 4. In the 
5 liquid phase reaction system 42F, the color former develops 
color, and the degree of color development (degree of coloring 
of the liquid phase reaction system) is detected similarly to 
the foregoing glucose sensor XI (See Figs. 1-3). 

As will become clearer also from Examples described later, 

10 in the glucose sensor X7 , the measurement time can be shortened 
by setting the facing distance H' further smaller, i.e., to 
no greater than 150pm. Specifically, in the glucose sensor 
X7, the diffusion length of an intended component (color former, 
oxidoreductase , electron mediator) contained in the reagent 

15 portion 51F, which is necessary for equalizing the 
concentration of the intended component, becomes short with 
respect to the height direction. Further, also when glucose 
is consumed by reaction, the diffusion length for uniformly 
dispersing unreacted glucose becomes shorter than that of 

20 ordinary glucose sensors with respect to the height direction. 
As a result, in the glucose sensor X7, the reaction necessary 
for causing the color former to develop color occurs easily. 
Therefore, the time taken for obtaining the intended reaction 
(coloring of the liquid phase reaction system) is shortened, 

25 whereby the measurement time can be shortened. 

The glucose sensor of the present invention is not limited 
to the mode described in this embodiment and may be structured 



as shown in Figs. 15-17, for example. 

The glucose sensor X8 shown in Figs. 15A and 15B includes 
a first plate member 1G formed with a recess 10G which is 
rectangular in cross section, and a reagent portion 51G is 
5 formed at the bottom surface of the recess 10G. As shown in 
Fig. 15B, in the glucose sensor X8, the facing distance H' is 
the distance between the bottom surface of the recess 10G and 
the second plate member 2G. 

The glucose sensor X9 shown in Figs. 16A and 16B includes 

10 a capillary 4H which is semicircular in cross section. 
Specifically, the first plate member 1H is formed with a recess 
10H which is semicircular in cross section, and a reagent 
portion 51H is formed at the inner surface of the recess 10H. 
As shown in Fig. 16B, in the glucose sensor X9, the facing 

15 distance H' is the depth of the recess 10H. 

The glucose sensor X10 shown in Figs. 17A and I7B includes 
a capillary 41 which is circular in cross section. 
Specifically, in the glucose sensor X10, the first and the 
second plate members II and 21 are respectively formed with 

20 recesses 101 and 201 which are semicircular in cross section, 
and a reagent portion 511 is formed in the recess 101 of the 
first plate member II. As shown in Fig. 17B, in the glucose 
sensor X10, the facing distance H' is the diameter of the 
capillary 4 I . 

25 In each of the glucose sensors X8-X10 shown in Figs. 15-17, 

a spacer is not interposed between the first and the second 
plate members. In the structure in which a spacer is 



interposed, the facing distance becomes the sum of the 
above-described dimension and the thickness of the spacer. 

In the first and the second embodiments, a glucose sensor 
is described which is designed to measure glucose concentration 
5 based on the strength of incident light and transmitted light. 
However, the present invention is also applicable to a glucose 
sensor which is designed to measures glucose concentration 
based on incident light and reflected light. Particularly, 
the glucose sensor according to the first embodiment of the 

10 present invention is applicable not only to a glucose sensor 
for measuring glucose concentration by colorimetry but also 
to a glucose sensor for measuring glucose concentration by an 
electrode method. 

Although the glucose sensors X1-X10 of the foregoing 

15 embodiments are designed to move a sample by a capillary force, 
the sample may be moved by utilizing the motive power of a pump, 
for example. Further, a structure for moving a sample need 
not necessarily be employed. 

The present invention is also applicable to the 

20 measurement of a component other than glucose which is 
contained in blood, such as cholesterol , for example. Further, 
the present invention is also applicable to the analysis of 
a sample other than blood, such as urine, for example. 

25 EXAMPLES 

(Example 1) 

In this example, the influence of the height (facing 
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distance) of a capillary of a glucose sensor on the measurement 
time when blood was used as a sample was examined by measuring 
the change of absorbance with time. 
[Glucose sensor used in Example 1] 
5 In this example, three kinds of glucose sensors (l)-(3) 

were used. The glucose sensors (1) - (3) are basically the same 
in structure but made different in height of the capillary 
(facing distance) by adjusting the thickness of respective 
double-sided tapes (spacers) as shown in Table 1. 

10 Each of the glucose sensors (l)-(3) was prepared as 

follows. First , on a first transparent plate made of PET and 
having dimensions of 10mm x 30mm x 0.2mm, a pair of double-sided 
tapes spaced from each other by 3mm were bonded. The 
double-sided tapes define the thickness of the capillary, and 

15 the thickness of the double-sided tapes used for each glucose 
sensor (l)-(3) is as shown in Table 1 . Subsequently, a reagent 
solution having the composition shown in Table 1 was applied 
to a 3mm x 3mm region between the paired double-sided tapes, 
and then the reagent solution was dried by air blowing (30 °C, 

20 10%Rh) , whereby a reagent portion was provided. The amount 
of the reagent solution applied in forming each glucose sensor 
(l)-(3) is as shown in Table 1. The application amount of the 
reagent solution is set in accordance with the capacity of 
respective capillaries so that the glucose sensors (l)-(3) 

25 become equal in reagent concentration when blood is introduced 
into the capillaries. Subsequently, a second transparent 
plate made of PET and having dimensions of 10mm x 30mm x 0.2mm 

25 



was bonded to the first transparent plate via the double-sided 
tapes. In this way, glucose sensors (l)-(3) to be used in this 
Example were obtained. 

5 Table 1: Structure of glucose sensors used in Example 1 





Thickness of 
double-sided 
tape 


Reagent solution composition 


Application 
amount 


Enzyme 


Mediator 


Color 
former 


Buffer 


Glucose 
sensor 
(1) 


2 00um 


PQQGDH 

1000 
(U/Ml) 


Methoxy 
-PMS 
(3mM) 


MTT 
(40mM) 


PIPES 
(pH7) 
(80mM) 


4]iL- 


Glucose 
sensor 
(2) 


lOOum 


2yL 


Glucose 
sensor 
(3) 


60]am 





In Table 1, PQQGDH is the abbreviation of glucose 
dehydrogenase (GDH) having pyrroloquinoline quinone (PQQ) as a 
coenzyme, PMS is the abbreviation of 5-methylphenazinium 
10 methylsulf ate , MMT is the abbreviation of 3- ( 4 , 5-Dimethyl- 
2-thiazolyl ) -2 , 5-diphenyl-2H-tetrazolium bromide and PIPES 
is the abbreviation of Piperazine-1 , 4-bis ( 2-ethanesulf onic 
acid) . 

[Measurement of absorbance] 
15 In this Example, the absorbance in each of the glucose 

sensors (l)-(3) was measured over time with respect to blood 

having glucose concentration of about Omg/dL, 200mg/dL, 

400mg/dL or 600mg/dL. 

In the measurement of absorbance, the region provided with 
20 the reagent portion was irradiated with light along the 

thickness direction, and the light transmitted through the 
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glucose sensor was received. In the light irradiation, 630nm 
light was directed by using a light emitting diode. The 
transmitted light was received by a photodiode. The 
absorbance was computed by the formula below: 
5 ABS.(absorbance) =log {1 1 /1 2 ) 

In the above formula, 1 1 represents the intensity of 
incident light, whereas 1 2 represents the intensity of 
transmitted light . 

[Measurement results and evaluation] 

10 The measurement results of change of absorbance with time 

in each of the glucose sensors (l)-(3) are respectively shown 
in Figs . 18A-18C . 

As shown in Fig. 18A, in the glucose sensor (1) in which 
the thickness (facing distance) of the double-sided tapes 

15 (capillary) is 200ym, the change of the absorbance with time 
is small. In the case of blood having glucose concentration 
of 400mg/dL or 600mg/dL, the absorbance does not become 
sufficiently close to the maximum absorbance even after the 
lapse of 30 seconds from the start of blood introduction. 

20 Therefore, in the glucose sensor (1), it is difficult to measure 
the glucose concentration within 30 seconds after the start 
of the blood introduction. To accurately measure the glucose 
concentration within 30 seconds after the start of the blood 
introduction, the measurement range cannot help being 

25 narrowed . 

As shown in Fig. 18B, in the glucose sensor (2) in which 
the thickness (facing distance) of the double-sided tapes 



(capillary) is lOOym, the absorbance becomes sufficiently 
close to the maximum absorbance after the lapse of about 10 
seconds from the start of the blood introduction even when the 
glucose concentration is 600mg/dL. Therefore, in the glucose 
5 sensor (2) , the accurate measurement of glucose concentration 
is possible after the lapse of about 10 seconds from the start 
of the blood introduction at least in the glucose concentration 
range of 0 to 600mg/dL. 

As shown in Fig. 18C, in the glucose sensor (3) in which 

10 the thickness (facing distance) of the double-sided tapes 
(capillary) is 60ym, the absorbance becomes sufficiently close 
to the maximum absorbance after the lapse of about five seconds 
from the start of the blood introduction even when the glucose 
concentration is 600mg/dL. Therefore, in the glucose sensor 

15 (3) , the accurate measurement of the glucose concentration is 
possible after the lapse of about five seconds from the start 
of the blood introduction at least in the glucose concentration 
range of 0 to 600mg/dL. 

As will be understood from the above results, when the 

20 reagent concentration of the liquid phase reaction system is 
the same, the time necessary for the absorbance to become close 
to the maximum value becomes shorter as the thickness (facing 
distance) of the double-sided tapes (capillary) becomes 
smaller. Therefore, in a glucose sensor, the measurement time 

25 can be shortened by reducing the distance (facing distance) 
of the reagent portions in the capillary in the normal direction, 
e.g. to no greater than 150ym, and more preferably, no greater 



than 75ym. 
(Example 2) 

In this example, the influence of the configuration of 
5 a reagent portion on the measurement time when a glucose 
solution was used as a sample was examined by measuring the 
change of absorbance with time. 
[Glucose sensor used in Example 2] 

In this example, three kinds of glucose sensors (4) -(6) 
10 shown in Table 2 were used. 

In the glucose sensor (4), a reagent portion (See Figs. 
1-3 ) is formed at each of the first and the second plate members . 
The glucose sensor (4) was prepared by bonding a pair of 
double-sided tapes on a first plate member and forming a first 
15 reagent portion between the double-sided tapes while bonding 
a pair of double-sided tapes on a second plate member and forming 
a second reagent portion between the double-sided tapes, and 
then bonding the first and the second plate members together 
so that the first and the second reagent portions face each 
20 other. As to the glucose sensor (4), only the elements which 
differ from those of the glucose sensors (1) - (3) are described 
in Table 2, and other informations which are not described in 
Table 2 are the same as those of the glucose s.ensors (l)-(3). 
Each of the glucose sensors (5) and (6) includes a reagent 
25 portion formed at the first plate member, only, and was made 
similarly to the glucose sensors (l)-(3) of Example 1 to have 
the structure shown in Table 2 below. 
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Table 2: Structure of glucose sensors used in Example 2 



\^ 


Thickness of 
double-sided 
tape 


Reagent solution composition 


Application 
amount 


Enzyme 


Mediator 


Color 
former 


Buffer 


Glucose 
sensor 
(4) 


120)im 
( 60um*2) 


PQQGDH 

1000 
(U/mL) 


[Ru(NH 3 ) 6 ]Cl 3 
(lOmM) 


MTT 
(40mM) 


PIPES 
(pH7) 
(80mM) 


IpL for 
each 
substrate 


Glucose 
sensor 
(5) 


120jim 
(60um*2) 


2yL 


Glucose 
sensor 
(6) 


60ym 


lyL 



[Measurement results and evaluation] 
5 In this Example, the absorbance was measured over time 

by using the glucose sensors (4) -(6) similarly to Example 1. 
The absorbance was measured with respect to three kinds of 
glucose solutions which differ in concentration (Omg/dL, 
200mg/dL, 400mg/dL) . The measurement results of change of 

10 absorbance with time in each of the glucose sensors (4) -(6) 
are respectively shown in Figs. 19A-19C. 

As shown in Fig. 19A, in the glucose sensor (4), the 
absorbance becomes sufficiently close to the maximum 
absorbance after the lapse of about 10 seconds from the start 

15 of the blood introduction even when the glucose concentration 
is 600mg/dL. Therefore, with a glucose sensor which includes 
two reagent portions facing each other like the glucose sensor 
(4), the accurate measurement of glucose concentration is 
possible after the lapse of about 10 seconds from the start 

20 of the blood introduction at least in the glucose concentration 
range of 0 to 600mg/dL. 



As shown in Fig. 19B, in the glucose sensor (5) , the change 
of absorbance with time is small. In the case of the glucose 
solution having the glucose concentration of 600mg/dL, the 
absorbance does not become sufficiently close to the maximum 
5 absorbance even after the lapse of 30 seconds from the start 
of blood introduction. Therefore, in the glucose sensor (5) 
which includes a reagent portion on one side only, it is 
difficult to measure the glucose concentration within 30 
seconds after the start of the blood introduction even when 

10 the height (facing distance) of the capillary and the 
composition of the reagent portion are the same as those of 
the glucose sensor (4). To accurately measure the glucose 
concentration within 30 seconds after the start of the blood 
introduction, the measurement range cannot help being 

15 narrowed. 

As shown in Fig. 19C, with respect to the glucose sensor 
(6), the results similar to those of the glucose sensor (4) 
were obtained. 

In this way, the glucose sensor (4) which includes two 
20 reagent portions facing each other have substantially the same 
advantages as those of a glucose sensor having a small facing 
distance (glucose sensors (2) and (3) of Example 1) . This 
means that the provision of reagent portions facing each other 
provides the following advantages. Firstly, the measurement 
25 time can be shortened even when the facing distance is 
relatively large. Secondly, by setting the facing distance 
relatively small, the measurement can be performed in a shorter 
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period of time than is possible in the case where a reagent 
portion is formed on one plate member only. Therefore, with 
a glucose sensor including two reagent portions facing each 
other, the measurement time can be considerably shortened. 
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